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(54) VOLTAGE CONTROLLED OSCILLATOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a voltage controlled oscillator that 
can suppress dispersion in the oscillated frequency. 

SOLUTION: The voltage controlled oscillator of this invention is provided 
with N (N is an integer of 2 or over) sets of inverting differential amplifiers 
(9) connected in series. Each of N-sets of the inverting differential 
amplifiers (9) is operated in response to a prescribed constant voltage 
(Vcn1) and a control voltage (Vent). The operating current, of each of N- 
sets of the inverting differential amplifiers (9) directly depends on the sum 
of a current in response to the constant voltage (Vcnl) and a current in 
response to the control voltage (Vent). 
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iiWS 109c?)NMOS h^>> ? X^ 1 2 6 <D H l^f 

[0 0 2 5] m 1 RteHKlliilSS 1 09aONMOSh 
7>yX^12 5(^y-Hffiil Sg4£&gffijii*!t§ 
1 0 9 dONMOS h^>> ? X^ 1 2 6 <D H U-Y >®S 
C^^nti/^o S§ 1 Ste^Ki^iBSg 1 0 9 a CONM 
OS h7 >z/7s$ 12 6 coy— htJISste, 8§4£&l£ifj 
ifflggl 0 9 dCDNMOS h7>yX^12 50KK 
>«*K*tt*ftT^*. Jg4K<£Mffi>ff4I8§l 
0 9 dONMOS h^yz/Ts? 1 2 5 <D H U-f >@8i 50 
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14. S 1 IBAffifOUT 1 >A-^ 

(L-C) 1 0 7(I«gi$nT^^)o g!4K<fc^»jii*g 
gl09d£ONMOS h7>yX^ 126WFU^f>S 
ffite, ^2tB^^OUT2^^LTU^;H3>A*-^ 
(L-C) 10 7l;»aiSnT^. 
[0 0 2 6] :&|-, ffii£Lfc«EEM»&aS (VCO) 
10 5(O/H7Xyi*l/-^ (BG) 108Rtf'J> 
^^U-* (RO) 1 0 9(0«jffCOUT® 1 2 

iLa^e»!UWt*. ®ffi©ii&Pfgi§8§ (vc 

O) 10 5i:A*^n5StEV £ n , [C^S«PU^ 

[0 0 2 7] if, AW7Xyx*l/-^ (BG) 10 
8 OiragSB 1 0 8 aO®B«ifPI*OtiTKWrs. 

[0 0 2 8] 0 1 2 fZ^^n^ct^ir, NMOSh7> 
>>X*1 1 2te, f^y- hlI5£«ffiVc n , 

x£n<5fc*6, fo;H7^i:(5i;fcHH>*a I D 

1 1 2^1to 1EV C „ , Kte, Kil/^W/H7 
X£n<2>#, <3\ -tcDU^JI^O (V) £-r<5ch, NM 
OSh7>yX^l 1 3ttOFFLTt^ft» 
ya^HtElcIlT^ft^fc*) . F U-f >mSfc 
ID113B0 (A) "CfeS. LWbt. PMOS N 
7>yX^1110HK>i«IDlllH H K 
>®Sft ID112tHH >m«t I D 1 1 3 <h<73*PT& 
F W>««tl D 1 1 3**0 (A) &£>T, K U 
<>«i5ftl D 1 1 2£>£t*#ffllEtt«. PMOSh7>y 

&fummz$>o, fu-osssi d 1 1 1 srat-Tcfc-p 

0KlO8b^)PMOSh7>yX^l 14, U >^:* 
i/V-*7 (RO) 1 0 9 ^*5tt*» 1 R<6ISftii«S 1 

0 9 a , w, 2 &i&&mm mss 1 o 9 b , ki 3 ^mmm 
*s§§io9c, m 4 &fc&mmm$§ 1 0 9 d^s^^p 

MOS h^>> ? y;^ 1 2 2, 1 2 3<E>y— h<D\^^)V\Z 
&oT^5. PMOSh7>yX^l 1 5 
^-(el&g 1 0 8 b<£>PMOS h7>yX^ 1 1 4, U > 
ytyl/-^ (RO) 1 0 9 \Z&»Z>m 1 KtEglbWffi 
gl09a, SIS 2 10 9b, SB 3 Sfei 

®jif*Ig§ 1 0 9 c , Sfl4R«£gSfjtt4IS§l 0 9dCD&* 
0PMOSh7>yX^ 1 2 2, 1 2 3 ^ — 0 

K£«fiJtLT^*fc«>, PMOS h7>yX^ 1 1 1 <D 
1MX (PMOS h7>y'X^ 1 1 1 (OL^IS, y— 

hs, y-h«{ttt<D«2. £^t*> PMosh7 

>yX? 1 1 4, 1 2 2, 1 2 3 <hCDit<X (SPMO 

s b7>zsx*<Di,$^m* y-hfi, y-hSft^^ 

JSS, S^tT) OJtClttUfcttK**. PMOSh7>y 
X^ 1 1 4, 1 2 2, 1 2 3COKK>m«t<i:^^« 

[0 0 2 9] % AIZ. AW7Xyx^l/-^ (BG) 10 
8<B* ^ — IhJK 1 0 8 bO^BSWfw^Tift^rr*. 

[0 0 3 0] NMOS h7>yX^ 1 1 50KH>1 
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KID115I2. PMOSh7>yX^l 1 1W<X 
(PMOS h7>y^^ 1 1 KOL^^m. y-bg, 

y- bmtmomz* z-sts) <hPMosh^>^x^ 

1 1 4 £<£>"tM X (PMOS h^>v^^ 1 140Lt 

utt. y-hg> y-hg£tt:BI<z>JP$, £^fr) <Dtt\Z 

£U£:PMOS h^>>^X^ 1 1 D 
1 1 4ftfctf&ffitl2>o NMOS h7>vX^ 1 1 5tt 

igSK&D, HUOSSSI D 1 1 5&ffi-f£o\Z, -ecD 

y-h<DU^;i4Sft£* 0 cou^utefg lKfcm&m io 

insg i o 9 a . m 2 ^mmmmm^ 1095, m 3 

HtfjifiJISgl 0 9 c, ffS4K«i£g®>if<I@§il 0 9d(D& 

^(Onmos Y^yVT,? 1 2 9 coy— h©l/^JH:/j: 

^Tl^o NMOS K^>> ? X^ 115 II&LT, m 1 
K&M®>ii*I3g 10 9a, ff§ 2 K&MBjif 1 0 9 
b, Sg 3 RG^iftifiliS 1 0 9 c , Jf§4KI£M»ii*I23 
1 0 9 d^^?(ONMOS h7>yX^ 1 2 9 te®»tS 
^— lElgSSr«^UTt^fc*, NMOSh7>yX^l 
1 5CD1MX (NMOS h7>v7^ 1 1 5(DLt^ 
fit, y-KS, y-hSHl:BI<£>JS£, <h, NM 20 

OS h7>z/X? 1 2 9 i:(Dit^X (SNMOS h 7 > 

yx^^it^i, y-hg, y- hgHbBi £ 

[0 0 3 1] fflffll"<)U<DnJ£Vc n t tfi±&Q* ^<D 
l/^W<NMOS h7>y7^ 1 1 3 <^(3SM^_b (NM 
OS h7>yX^ 1 1 3^0Nt§U^) 
NMOS V =7 1/1/7.5 1 1 30HH >m§f£ I D 1 1 3 
*ini», «JBEV C B t 3&«±3ft«tltf±3St*HfNMOS 
h7>yX^ 1 1 3©FK>IS I D 1 1 3 fc£><Sft 30 

nztztb, eswcPMOs h^>^x^ 1 1 1 cdku 
<>m«t i diii se-^T, 5-0 

BSifiJlWSPMOS h7>yx* 12 2, 123 

NM0Sh7>yX^129OHK 

[0 0 3 2] ^fc:, U >^^-fyl/-^ (RO) 109O 

K 1 0 9 a , |g 2 E«Eg»>Jf 4BS 10 9b, i3 SGH 
0 9 c, fg4K&^ffijti4I8g 1 0 9 d<E>&* 

(0iHiKa/)f^«i^*iT*^fcfi6, us i Rmmwimm® 1 o 40 

[0 0 3 3] /HJXyx^l/-^ (BG) 10 8CA 

*59, mJEV e n , ^OU^^nd:, S 1 SEiS) 
ifHSl 0 9 aONMOS h7>yX^ 1 2 9CKK 

>mm i d i 2 9 &mti2>. nmos h ? 1 2 

5, 1 2 h7>yX^ 1 2 9 

K K >tffii:SI8^^tife t C NMOS 

b9>z?X4r 1 2 9©KH >®SS I D 1 2 9 WffitlZ 
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[0 0 3 4] ;Wy?£LTttf£T*Hft0&0>NMO 
S h7>y^^ 1 2 5, 1 2 6ti, ±EONMOS 
>y7J 1 2 9(DFK>®SfcI D 1 2 9T«jfff*. 
NMOSh7>yX^ 1 2 5, 1 2 6 ht^CDA^ £ 

4 fr&mmmmsg i o 9 d^e^a*?) kjsi; 

K U"f I D 1 2 5 , I D 1 2 6 £fltL, tEft© 

ffitWPMOSh7>yX^l2 1, 12 4K:fft*§T 
NMOSh7>yX^12 5WN, NMOS h ^ 
>yX^12 6OTFFL/:«^ NMOSh7>yX 
*125l:Bt«3^»n. PMOSh7>yX^12 1 
K:t>ttflW<8Ml*. PMOSh7>y7^1 
2 l(^FK>-y-XlEVDS 1 2 1 #<D®EEKT 
^gCO, NMOSh7>yX^12 5^»Hi* (^2 5 
temmmm^ 10 9b^NMOSh7>yX^l 25^ 
(DAM liLOWU^;H:^^o NMOSh7>yX^ 
1 2 6«OFFlt^5OT, NMOSh^/y^^l 
2 6a(DHJ* (Sg2K*teMi!)i8i!I8gl 0 9 b(0NMOS 
Y=y^V7s5 1 2 6^0A^J) teH I GHU^MzU 

[0 0 3 5] GgffijftffiOPMOS h5>i/X?tiLT$L 
^IC^K^nfcPMOS h7>yX^l 2 2, 123 
«, /H7Xyi^^ (BG) 108i^7-«fiE 
^lTi5 0, ^CD^ ^-mSft^fft-rC^tCctO, NMO 
Sh7>yX^12 5, 12 6^0N/OFFLTt^ 

[0 0 3 6] /H7Xyx^U-^ (BG) 10 8CA 

IflSSl 09(0NMOSh7>yX^l 290Fl/^> 

®ji#*gg§ 1 0 9 a<D®&mffitf®K2>. mtfimm 

(!Sl2£&gSjiftI2§l 0 9 b<DNMOS h7/yX^ 
1 2 5-^NMOS h^>^^^ 1 2 6&£<£>y— h^fi 

osis i 109a <omm^mtflm< 

[0 0 3 7] fr\Z, U >y*$/U-$> (RO) 1 0 9 <D 

5&m&£ Lxommzi^Ttsim-rz. 

[0 0 3 8] m 1 SteHSbii<iS 1 09a(ONMOSh 
"7>i/7.9 1 2 5ri*ON, NMOS h7>yX^ 1 2 6 
#<OFFLT^<5ch£, ±a?L^cfc^tC, ^(DtidjiteN 
MOSh7>yX^12 5WLOWU^k NMOS 
h7>yX^ 1 2 6flWH I GHU^UU£;fr£>. 

[0 0 3 9] Sg 1 E^MSdiiiBSi 1 0 9 a rt> e> Offl^M:: 
£9, !g2K<teM»*@*I§g 1 0 9 bONMOS h5>>i? 
X^12 5l:liLOWl/^A*^?n, NMOSh7 
>y7^1 2 6CliHI GHl/^M<A*$n-5, Cin 
JCctO, NMOSF7>yA^125^0FFl, NM 
OSh7>yX^12 6^0NLT, NMOSh7>y 
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X^12 5COdJ* (S3Se^»Ji@fflSl 0 9 c(ONM 
OS h7>vX^ 1 2 5 c^OAJl) teHIGHU^ 
)Vs NMOS h7>yX^ 1 2 6<Dffi^ <£§3K&M8) 
ifigSgl 0 9 cCDNMOS h ^ >^X^ 1 2 6^<DA 
*0 «LOWl/^K:4^o 

[0040] m2seMidii*iSi 0 9 hfrt><Dmil\Z 

ctO. UI3£iE£l8jJ#i|@3§l 0 9 cONMOS h^>x 
1 2 5C|j:H I GHU^MUA^tl, NMOS h 
7>y^^l 2 6 C^LOWl/^MAA^n^o £*l 
££9, NMOS F7>yX^ 1 2 S^ONl, NMO 10 
Sh7>y^^l26^0FFLT, NMOSh7>y 
X^12 5(Dffl^ (Sg4£3fc^»*i*Ig§ 1 0 9 d<DNM 
OSh7>yX^12 5MZ)AW liLOWl/^Jk N 
M0Sh7>yX^126OtilA <SU Sfe^KjifliS 
1 0 9 dCONMOS h7>yX^ 1 2 6^0AW ttH 
I GHl/^JH:fj:5. 

[0 0 4 1] fg3£«lteM8jti*IS§l 0 9c^60HJAl: 
ctD, ^4^giiiHigl 0 9d(DNMOSh7>y 
7^ 1 2 5l:«LOWl/^WAA^^ NMOSh7 
>y7^ 1 2 6 \Z\tH I G H U^UP#*A;ft £tl£<> Ctl 20 
tC^tK NMOSh7>yX^125^0FFL, NM 
OSh7>yX^12 6WNLT, NMOSh7>y 
^ 1 2 5 OffiA (31 1 SKMKjJfiligg 10 9a CONM 
OS h7 >i?7*& 12 6 ^<DAJj) [JHIGHl/^Jk 

NMosh7>yx^i2 6 offi^ i &&mmmm 

gl 0 9 aONMOS h7>yX^ 1 2 5^A*) tt 
LOWl^JUCtt*. 

[0042] m4K&mmmm^i o 9 d*6oni*i: 
cto, miK^mmmm^i 0 9 a^NMos k^>v 

7^1 2 5l:ttLOWU^M<AASn, NMOSh7 30 
>yX^ 1 2 6 KteH I GHl/^JWAASns. Z.tl 
ICJ; 0 , NM0Sh7>yA^125^0FFl, NM 
OSh7>yX^12 6^0NLT, NMOSh7>y 
X^12 5<Dfcti*J (S2^S)ii(igl0 9ba)NM 
OSh7>yX5 r 12 5'\OA^) «HI.GHl/^k 
NMOSh7>yX^12 6(Dtti^ (?g 2 KiEMlfcif $1 
SI 0 9 b^NMOS h7>yX^ 1 2 6^©A^) tt 
LOWU^Hd&S, 

[0 0 4 3] S«3, SB 1 Kfe^ftftffig 1 0 9 a<DNM 
OSh7>yX^12 5^0N, NMOSh7>yX^ 40 
12 6OTFFTfcofc^, U>^*— H 
^2ftig"t@S§l 0 9 3-^4^^118)^*1811 09d) t 
SI 1 KSteMSjifigg 1 0 9 a^NMOS h^>v 
X^12 5WFF, NMOSh7>yX^12 6^0 

[0044] m&mm^m^ (vco) iosh 
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[0 0 4 5] ::t, 8£*o«ffS»lffli»SS (vco) 

1 0 5 018ft#tti:otiTH 1 5*#IL^bK^ 

n e hi tt*<&ttE«wxs» (vcoi <z>ra 

[0 0 4 6] HI Str^^n^^^ll, flF^Y lOlli 
typ — case <7)<h ^<7>^l$i8c1$t4£^L'TV>£><, c 
<0i£<O£jfe*ffiHifc»F. » o , 1^5 0 0 (MH 
z ) t y p - c a s e £\Z* Simiib'OZ&te 

<> 014 KfBKOV. , o i , V. , o 2 • v 
.,03 CMt^NMOSh7>yA^(?)Al/7y3 
)V KSEEV, n ^PMOSh7>yX^0Xl/7y3JP 

1 0 1 * <D&ot& fas t - c a s e C0£^tf>jggEgc$$ 
tt^ft^fY 1 0 1 * * (T^^tes low-casetf><h 
t^KS?$tt^TTtTL^^o fas t-case 

*0, h7>yA^a<ONlfcO, y— hfi*HH** 

fctfXC&O, B^^KfiStLfcOLTLi^. s 
1 ow- case ttt, V, „ ^V, D fcif^iftftlCT 

[0 0 4 7] ZL<DJloU> 83ig±<Dtf£o££#JtL*: 
±T, Hjft»»ttS*»fc«^, *<B±IBa<«M*Y 1 0 
1 1 (DMAXT&9, TR^fif^Y 101' ' (DM I N 

\zuz>. nny i o i ' *^-r«is*»tt (fas t - 

case) Tte, F. , 0 2 tttt6 0 0 

(mhz) t&£ 0 :nu, w^y 1 0 1 

( t y p - c a s e) CDchJt^Tift 2 0 

(tb^m-^Fv c o \zttfc-?z>mm<D&mm$LRF 

b 1 0 , ^rft^/itfXDfijE^: V b « 0 1 . V. , 0 1 < 
V b , 0 . <V D 0 , ffifiB&»F b , 0 1 S1000 
(MHz) <h IT) V b , 0 , Ol^OMZUZti, &n 
Y 1 0 1 ( t y p - c a s e ) Tteift 

1 0 0 0 (MH z ) iZUZtfi* tt^Y 101' ^"TS 
(fast — case) Tte typ — case 
5 5 %*>m* 1 5 5 0 (MHz) (5<i:MoTLI 
5. ft^fY 101' ' **STH*R#tt (s 1 ow-c 
a s e) Ttt. S^^S^ffi&F. , 0 3 tei&4 0 0 

(MHz) :nii, iffYio l^trasa 

( t y p - c a s e) <D£it^T<$2 0 X&£iB< ' 
V b , 0 . 0>W"*;H;:tt<5£, ?J^Y10 1^t 
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Bi£&4$«E ( t y p - c a s e ) TtttfJ 1 0 0 0 (MH 
z) \Zfc2>&* tffYl 01' ' *^-T^»[»^i4 (s 

1 o w- c a s e) Tte typ-case<fc040%fc 
ig^6 0 0 (MHz) {Ji:(:SoTl^5. 

[0 0 4 8] CCDi^^, ^^iE^I^lS (VC 
O) 1 0 50^«&$H4te, &j£5£Mmz\*2 0%<DIS 

oT^<<h, ^c^tfe>0#^±fSffliJ (^Yl Of 
StrH«R»tt> t«55%, TPSffliJ (ff^Yl 0 

:nn ttEMMRSS (vco) i0 5i:ii:*«s 

s < & * £ ^ * * ;nasnja* k ± o «*k & * . 

SEE^HEH (fiafP®^) Kfi^T, H K >f 

[0 0 5 0] *C, PLL (Phase-Locked 
Loop) $Pltl/T, f&fe<BttEEMffXX» (VC 

o) i o s&m^tzPLLmm&mmz-D^Tm i 3$: 

S (VCO) &m^tzPLL®t&<Dm& ; £:7F?ZfUv 2 

[0 0 5 1] 0 1 3 \Z^£tlZ>£o\Z. PLL08SH 
{ifflJS»SJt«8 (PFD) 10 1, ft-y*>^l 

o 2, ju— y?*;^ 103, Jry-tv MeJSS (of s 

t) io4.mj£mm^m^ (vco) ios&^h 

§g 1 0 6 £«*.T^S. 

[0 0 5 2] ffiffiMttftitttS (PFD) 101H A 
*fg^F r e r i»Wl 0 63i^O»HlfF, b <b 

^F r e , iLTH «AtfH«-frfe*««*^©^n 
yJHWttfflSn*. cco<itBMi£&tf:$&§§ (PF 
D) 1 0 lT4*Sn5*»OTUPH AA»#F 

fti:«afs/ux«4*r*. ^m^Dow 

^aSctfc^S (PFD) 1 0 1 Tt«infc*»ffl^U 
PR^{l§DOWN«ft-y#>yi 0 2tl«$S 

[0 0 5 3] ft-y#>^l 0 2^'>>y;Uffi^05 : - 
t-y^>^T»0, *f#m^UP&tf^#fI^DOW 
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>f^io 3ic:fl«g-r5o ;p-y7^M 10 3H ? 

^-^#>7 p l 0 2^£#m£n*®SgA;UXlCtf^L 

fcm«tA;uxtc^i;fc«BEv c n , £5g*T*o 

-y7><M 1 0 3TfS££nAc®EEV c „ , ttSEESO 
td?%S2§ (VCO) 1 o 5K«*gsn*. 

[0 0 5 4] =J- 7 -fey MB 88 (OFST) 1 0 4 te, £ 
tffVc n , S£*LT«EEffl»5B«8 (VCO) 1 0 
10 50/H7Xvx^l/-^ (BG) 1 0 8 K#Jg-T£o 
*EMtt8fiS (VCO) 10 5OW7^yi*l/- 
* (BG) 10 8CH ^"7i:*yhlHlK (OFST) 1 

0 4^e>smjEv c „ , a^ts**. jh^^mi 

0 3^6SJEV C „ , ^«IS$n5, SJEHt9?SJS8 
(VCO) 10 5tt, ^7t7 h SSI (OFST) 10 
4*^<&«ISSnJtS«ffiV < „ , )V-Zf74 )V2 1 

20 V c n , (Dm\ZfoUTzmffi I « n , ££»DgLrt:«85K: 
J:-pTHB»W»w3g*-6. «ffi«dW«S» (VCO) 10 

[0 0 5 5] «JE©JtBi^igS (VCO) 1 0 5T£f££ 
tl&a*«^Fv c o tt. PLLHB^ffi^fl^^lT 

n«tw2iaisnstftn, #«8i o 6 Kflw&sn*. 

»HS1 0 6B, tH*J<f*f F v c o £ l/NKttHU 
fitg^ffiSit^gg (PFD) 1 0 1 

[0056] jfcK, fE*a«BEtNttXfi8 (vco) i 

30 0 5 £fflt>fcPLLlE3&(D»fP£re^'r£. 

[0 0 5 7] ^ #J^§§ 1 0 6**£{a«»»RJt«fc8 

(pfd) ion:iiisns)Sil^F f b ©ttW 
A#fi-f§F r e f offiffl.toiinT^stOE'r*. z 

<Dm&, (4ffl^K»lt«8 (PFD) 10 1H JSttK 

-y#>7 r i o 2^ mftm^u p\z fccftnffi&mm 

LT^-^7>fM 1 0 3O0S^^t/ty^^fi 

r^o cnn^o, )V-7y<ov? i o 3TS6££ft* 

(VCO) 10 5^6(UASft5ttlAMFvco ^58 
[0 0 5 8] 5§Sff#F f > CD{4ffl#A*7«^F 

(PFD) ioih ra&&±##£tefflii^i;:ffl^T 

-5/X;PX«lS^Wr^^ft^DOWN€:*fi£L, ^i-- 
y^>yi 0 2K«if&-r£. ft-y*>^l 0 2^, 

^^fs^DowN^-^t^l;^:ms^t^5l#ii^T>/^-y7>r 
so i o 3<o0*tr&*^/v>$>£;&m£-e<5. ^nir 
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«fcO, )V—-77<()V9 1 0 3*^ttJ*$n^«EV 

c . , te<s<fts. -e-©*sm. waEMwmut (VC 
o) i o 5^6ta*^n-5tb*f§^Fv c o (Dftmm®. 

[0 0 5 9] COJ:5tC. ffi3fc©SEE3i!ltiP3j!iIf§ (VC 
O) 1 0 5Srffl^fcPL LHIKT«. tilTjfUtFv c o 

Fv c o <o^«jinx«firffiji*^#aE-rn«-?-ne«- io 
ra&gctt&ig <pfd) loin ra-oatvx^^B 

•5. ClftlCfcO. JHy7^WlO3©0St6+V 

c©PLL@K«Pyi'ttffii:AS. c © a y {/ Vim \z 

*ht. mt]mnF v c <> ©fifflfctATim^F, . , © 

ttflC^St*. L*^L. SffifrJffllfSSgl (VCO) 1 

0 5*fflHfcPLLlel8&-Cte. ;W^3*^Hi 20 

/Jn£< WAS f|8lt5 7-lfiIg§££-<ffl 

•=> o # £ <S < US z. •=> tlU 

[0 0 6 0] £7c. «EE1Mff8£» (VCO) zm^tz 
P L L @Bil/T. HB8¥ 8 - 1 2 5 5 3 1 *tii$8T 

P«g©&#& "JMMtS^-fc-fr-flflSMI" **BH5fcS*l 30 

[0 0 6 1 ] i©»«8c5/>-t1i-f-tf0!Stt. ttEffiff 
X S « CO tH 73 T * -5 JA SB 38 £1 # © n & Si * X ®J * * * 

eBtfcsnaw^icafr^T, ^©fl-am^ic^s^ 

[0 0 6 2] #B8¥ 1 1 - 1 7 7 4 1 6 ^&I8T 40 

</» "PLLtsJB" a*PJ?S£JVO»S. 
[0063] CfflPLL (&ffl|5j»j;u-:7*) EJBtt, fg 
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[0 0 6 4] St, "Symposium on VL 
SI Circuits Digest of Tec 
hnical Papers (1994) "©129- 
1 3 0 ^— iS\Z$im.2tlfzH i r om i Notani 
-5 US: "A 6 2 2 -MHz CMOS Pha 
se — Locked Loop with Prech 
arge-Type Phase Frequency 
Detector" "C»4. IfcfflHttRttttSK^T 

mmizm^ztiT^z. 

[0 0 6 5] 

[^^mi<t:^^t%SII] $£3l€©HEfWffllfeiS83 
(VCO) 1 0 5lCte«8K = 5— 0»!5<*<***lTl» 
•5. &ifi©J;5IClMX©/h$t^h7>> ? X:5'£ffl<^3 

». ft3fc©®EE8!<JP?giIi§ (VCO) 10 STB. ««E 

s 7-iais§©e»:»fc*H'5 1 -v^;i'fiXis^m©»*^n^ 

[0066] ee*©mjE©jp^S8§ (vco> 105 
«. ±g2©j;3»;:f8«raifc»©tf6^€rat*€r^fci&, 

[0 0 6 7] &#©«JE3i<JPfgJI8§ (VCO) 10 5 

«. Sii±©«^>^^(c5 1 ^^;pgXP»)** ? ira^-5fc 
ssis«Si«c©tf?)-3**^^</«cs. yo^fi/h 
©«-&ic fisjx«iai 5x-i*nfc^Y ioi* ' a< 

©te£T±tfTt>. KMttHWilfflONttftF., , 0 
, «fcD/jN3<&Sfelfttta«»*. GEoT. H3S±©tfS 

o€r^*oTt>R)fa©«StftF t , 0 . 

te. S£jfc©mff8iflffll?£III§ (VCO) 10 5©y-f>£ 

*#<fs (Htt»#tt*;&ttiw"«-.&) ^iii^t-s. * 
^tst, tEv, „ , t-/-f X8£#a<©ofc«£. fe 

5) . 

[0 0 6 8] %Snttft0>Xlb£#£?&&. « 

<»«r*ct«»T*tt^. bps. ft&on&MWRm 
§1 (vco) io5it sfiianp^en-s^aeftcttH** 

S8«TSf. H 1 5IC^Lfc«t5irfi£3l5©«ffi$«J«f8S 
» (VCO) 1 0 5©ra»&«gHliflF*f F, 0 0 
-5. C©ra&S3eBF, 0 0 »4. *?*tY 10 1* *t*-r 

raiK?s«f<4ic*itt^e^%tg^i^»F. , . , A^e. «f 

*«*1«EV D D ©«t©t#©^ll^&St*TS;^L. 

^jK&<i5HF, 0 0 \z\tmm<o&mmmikF . , , , *t 

[0 0 6 9] *%^©sw«. 5Eti^&»©«e)^#r^ 
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[0 0 7 0] *%iOffi©BWIl vy^d«fi«$n-5 

[0 0 7 1] *^^©!Eirte<DeW«. ra&8«effl££ 

•5. 
[0 0 7 2] 

[RS£8?ife-t-5fc«e>©^a] *<Dmm&m&-rz>rzsb 
^*^f2$nTus. -^co#^. ts^ia. 

[0 0 7 3] *£9Il;:J:SttE«!l«f8Stt.;*. ifi^JtcS 
SgStlfeN (Nte2.W±<Z>&&) f@<75SGMKltitiS 
(9) &«*.T^«. Nf@©Se^ldiii|Stg (9) <Z>& 

*«» ^rosffifitw^mjE (v e „ , ) tumms. 

(V, „ , ) <ttC(5i;Tftfp-r-5. N<lCD£fc^»)ii<l@ 
gg (9) £>&*<E>9)f£mSft«. 5g®J£ (V c „ , ) KJfc 

n.i>fcmffi<Dm-?w.&'fe2i2>. 30 

[0 0 7 4] N#2£(±tf>ffl&©£:€f. Nil©S(e^«J 

mmm o> ®3%ro«tt£ro£«&&iMMH8§ od) 

cotti^tt. N^oSte^idtgiHii (9) o 5 *> ©MS© 

RGM»)li1SS§ (9 a) icK&LTBlSn*. 
[0 0 7 5] N# 3 £>Lh N<l©K*teM») 

K<Eilf!iit«» (9 a) icMStl*. 

[0076] ^.mmiz^^m&mm^mmt. m^. n 

f£«»*t£*iff»-f SfefeWA'-f 77yi^U-^ (8) * 40 
{I*.Tt^£. i©;H7Xyi^l/-^ (8) li. 5£m 

e (v, „ , ) j&»A2,sn*iM»«««#u 

Rzfm 2 s®<D^(cift^j(r^$nfcm i Aft© h 5 > 

vX* (12) t, 3iW«BE (V c „ , ) &Al}t<tlZ> 

sws&fcwu &imw.x.zffH2nme>ffliz&m\zm 

SSfl, ilAMI>7>y^^ (12) chM^JKi&ffi 
$nfci2AAgh7>yX? (13) £, $111^: 
SlS^S2A*gh5>y^i' (12. 13) ^OH 

Kttttsnfcttjg h7>-/x^ (in $ 

fc. /H7^yi*l/-^ (5 8) te. S^BE (V 50 
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« . , ) wxtiztizfflwmmzmL. mitSBi&tfSis 
2&me>ffl\zmm\z&mt!t\fz& 1 X7jeh7>->*x^ 

(1 2) <t. 91 l«aPtm 1 A^eh7>yX^ (1 
2) &OM.=tttt£tlfctir£h 7 (ID 

[0 0 7 7] NfflcDK£!£g!]i@*i8§ (9) ©**tt. SIS 

im®&^2mjgwp^ira£?ijir»^$nfcmi &^ 

2m73gh5>->*X^ (2 5. 2 6) <L, 5£«BE (V 

« „ , ) 3fttx**naiww«S**ru. »i»tf»2U 

h 7 (2 5. 2 6) t £5 2 tV>miZ& 

m2tlfz&3Atl&b7>i?X? (2 7) £, 33]tap«BE 

(Vc „ , ) #A2j£*l-5ifflWttffi*Wl.. SlSl^S 
2HJ73gh7>> ; X^ (2 5. 2 6) tMS 2 SSiiKDlBi 
^3A*gh7>yXi' (2 7) iimPUZ 
«*.SttfciB4Aaah5>5?X*' (2 8) <t. Sit 

mtm imj]®h ? >i?x? (25) £<0nn.cittaHc« 
^sh7>->^^ (11) t»«sntsi h 

?>S>X1' (2 2) <»:. I lf® 1 !:I2ffl^h7>y 
X* (2 6) troraiCit^JKfjrtdiSft. ^(-7>-/X 
* (11) t»«SnfcSB2 H9>S^X^ (2 3) t. 
JBl«*tJBlffl*ah7>5?^^ (2 5) tWWlcE 
MKflMJfcSft. Klb5>i?7>9 (22) 
£*lfc$rS3 h7/yX^ (2 1) £. SrSl«8§i<hSr5 2W 

*Rh5>s>** (2 6) £<nr*vzm.mz&tfit<n> us 

2h7>^^ (2 3) t^5>JlCStt$tlitMS4 h7> 
i^T.* (2 4) Tt^*. 
[0 0 7 8] f$th7>yX^ (1 1 ) £3S 1 b=7>'J 
7,2 (2 2) tt. ««5 7-EIIS*#l«U *$5£h7> 
'J7>9 (1 1 ) ^312 h7>y^^ (2 3) tt. ®S!t 3 
7-|°]S8£J8/5£-f-5. 

[0 0 7 9] NfflroR-teM»18*iS (7 9) 
JB i*«a^»2**(0|«U:*5iJK:tt«*ftfcJBiatf 

MI2ttl73lS:h5>vX^ (2 5, 2 6) t. 5tmJE (V 

c . . ) tfAasnamwBdSffL.. miR^si2Ui 

7jgh7>->*X^ (2 5. 2 6) tm2W.Mii<Dffl\Z& 
i^^nfcfl lA*gh7>y*X^ (2 7) i. ftJPmJE 

(V, „ , ) AtA/}£*a-5frJfflimffi£WU. JBl&ViB 
2m7J©h7>v ! X^ (2 5. 2 6) 2 magt WW 
lZ»l«Sn. S!lA*Sh5>yx* (2 7) tifcjljic 
»i$^lt^2AMh7>vX^ (2 8) t. 111 
iStSI 1 HiARh5>yx? (2 5) t<OFfl(CDl[?njlc» 

^^tifcistn^^ (8 i) <t. aiifttiigtss2a*sh 

7>-/X^ (2 6) tWWUCBLJiJCttttaftfctttt*^ 
(8 2) <fc£filA.T^S. 

[0 0 8 0] *%^II«k2>«ffi©lP%lg§g«. iS?iJlZ» 
^^n^NiSroS^HSIjtiilSli (9) ^<SATVi-5. N 
<l<OReM»iii*igg (9) S»SB<t. 

icss^sn. fsrotElcigfE (v c „ , ) tsow 

see (v. „ , ) <biw,fcoT-tn-eft«»e*n£«fltfln 
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[0081] *&mz£z>miEmw&Mmt> mizom 
^a*7t-v hfg.!:, mmmm (v. „ , ) \zttm 

L T!£ £ Z> Jfi&» £ SW L TfftS £ & * ft ST -5 fW 
ifgtSIAT^I.. ^ifcifcte. HIE <V< „ , ) 
<h3iW«EE (V, „ , ) tlCtoTiSftSS^. 
[0 0 8 2] *fg^(C«t^PLLHK«. ttBBfr'E.OA 
Tjff^ (F, . , ) <fc. ffi&mn (F, „ ) tCOtiffiR 

c „ . ) &<kf8,-rz>fflwmi£±i&.& (i. 2. 3) 
ffifc(Dm&m<Dmnj£ (v, „ , ) &±&'?z>*7-tiy 

MUSS (4) <t. (4) *^O^tE 

(v c n , ) \zfovtznffit> Mwms.£.i&m a. 

2. 3) ^e>OSiJfflimJE (V c „ , )" .zjfctffcSSKi* 

timn (Fv c o ) sr^frrswEasiPfgigsg (5) 
t. mEEUwmmm (5) ^^rom^ft^ (f v c o ) 

Sr»^ LT£WmHE£J5£8S (1. 2. 3) tCdfiigfl^ 

(F, „ ) iLT7^- h*A*-y^-r-2>»^ii (6) 
<I*.Tv>£. ®ffiS!lffllfESII (5) te. e^ytci&^n 
j£N (N«2£Uirog&) <@OSe^»jJii|Si§ (9) £ 
d^T^-So NfS<DS|gM®]ifi|gg§ (9) co&^li. £ 
«JE (V c n , ) <fcfWffll«JE (V e „ , ) iilz&CTW) 

f^-r^o NfawKCM»itiiiiSi (9) <D&*<DW)ftnffi 
s«jee (v c „ , ) \zfcctznffi.ii> mmms: (v 

•5. 

[0083] N^2^±wffl&oi#. Nmo&mmm 

iitigi (9) ©e>-fe<75Si^g(75SfellS)iii|iig ( 9 d) 

Rte^l&if*If§ (9 a) ClKi|£LTB?£*l-5„ 

[0 0 8 4] N#3.£U:C03f8:<Di:#. Nffl^SGIgSf) 
JtMBS (9) <D5^CD^i^©roSte^K)Ji"t@8i (9d) 

RfEMKjtiHSg (9 a) KHSna. 

[0 0 8 5] «EE«d«P8jBS (5) te, W)ttnffi&M® 
T-5fc««DA-f T7>iSjL*U-? (8) £H.;:fif;LTv> 
•5. £CDA*-f 77->'i^W-^ (8) tt, 5£®JE (V 

2nMv>r»vzmmzmi0i£titz& 1 a^is h 7 >vx5- 

(12) £, SiJWSEE (V e „ , ) tfAl3 2tl2>M®m 

&£*ru & 1 mm~Bi.zfm 2 nme>ffl\zw.pi\zmm2 

ft. HU^S^VyX^ (12) iiM^JK&igESft 

fcm2A73eh7>v ! x^ (13) mimaitmi 

S^2A*Sf>7>yXi' (12. 13) i:(&fUJ.::& 
«$nt#Sh7>yX^ (11) titti. 
/H77yi*l — * (5 8) te. £«JE (V c „ , ) 

*<A^^n-5$!iffiims*wL.. 31 1 mmRum 2 mm <r> 
^\zmM\z^m.^ntz^,\ A*sh7>-^^ (12) 

£, iliiltSlAAgh^^yX^ (1 2) teoffl 
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\ZtmL*t\1z&'g.Y : y>V7,9 (11) <h£WT*. 
[0 0 8 6] Nd©RiEi£S)tg(It§ (9) &D&*»i. US 

i m®Rc/m2«jgcDr B iirM3 ; ijirftiK$nfe^ 1 r^ss 

2tb^)gh7>vX^ (2 5. 2 6) t. SfE (V 
« „ ■ ) #A*j£n-53ii]Pm&£WL. ilWS2Ui 

73gh7>>?x^ (25. 2 6) tm2m.m.t<Drmzm 

10lt<tXftm3Atl&h7>iS** (2 7) t. fflWi&l£ 
(V e „ , ) )i'A*Sn5l&IOTI5WL. SlRtJS 
2Ui*8h7>yX^ (2 5. 2 6) £31 2 ffijgtOfU] 
10 KffiKSft. S3AMK7>yX*' (2 7) tM5>J|- 
S^nfci4A*gh7>yXi' (2 8) <!:. Mil® 

mtmitut)mh7>isz? (25) toMKBjijc* 

S5n, ^h7>y^^ (11) tSKStlfcSl h 
7>yX^ (2 2) £. SUS8l£:SI2ttl;*J&h7>> 7 

x* (26) torn'uzw.mzmmzti. ^i-7>yx 

^ (11) <fc£i8!3ft£:m2 f>7>y7,5- (2 3) <t. 

^im®tmita^g:h7>> ! x^ (25) tamizm. 
mizm&izn. mi h^-^x* (22) tmm\z#m 

$nt^3h7>yX^ (2 1) t. Sgl 2 ft 

20 ^3gh7>yX^ (2 6) tCDRflClil^JtcSlftSft, 8* 

2h7>yx^ (23) tmrnizmmz ntzfg 4 h^> 

(2 4) t*fATt>5. 
[0 0 8 7] **5th7>v s X^ (11) iSl h7>y 
X* (2 2) «. mfftS 7-ll.K£*J*U t*Sh7> 
->*X^ (11) i^2h7>yX^ (2 3) «. ffifffS 

[0088] NmvRmmmmm® (79) ro&^ts. 

M2ai77g h7>y7^ (2 5. 2 6) i:. Smffi (V 

30 c „ , ) WAJjznzfflwmm&mi,* miR^2ta 

ASh7>y73' (2 5. 2 6) <tm 2 MmtOffllZte 

m^tirzmi x-h^.v^y^^ (27) <t. mmms. 
(Vc „ , ) ^A^^n-5$inai®Si&wu. miRt/m 

2tti7jgh7>->*X^ (2 5. 2 6) tm2mMii<nffl 
\Z&tfl2tl. mi A»8h7>-/X^ (2 7) chM^JIC 
M*nt^2 A7j©h5>vX^ (2 8) ill 
mtmiltitimb^>^X^ (2 5) .tor^lCiS^Jlrffi 
i^^nrcffifet^? (8 1) <h. mi®j®<!:m2ai?3® h 

7>vx^ (26) t(Dr*vzm.m\z&m2?irzt&ifi%? 

40 (8 2) t$-<l^TU-5. 

[0 0 8 9] *%^IZJ:S P L LlHlSSli. nSBA^OTA 
(F r . , ) t, DSS<f^ (F, „ ) 

c „ , ) &3il8,-rzfflWni£±t&l8 (1. 2. 3) i. 
^©mJEfflW^mBE (Vc „ , ) S:*^-r-5^-7-t>y 
hEDBS (4) (4) ^e^3£«JE 

(V. „ , ) \ZfoVttnffiii. MtWSEE^PSig (1, 
2. 3) fr*>0)fflWmE. (V c „ , ) icCvUfcSSKi* 

so ijmn (Fv c o ) *^fi£-r^«ffi©i©%^8s (5) 
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t. nmfflw&m® (5) frt><»m-hmn (f v c o ) 

Sr#rabT$W«ffi£fiE8 (1. 2. 3) KJSjSft^ 
(F, » ) tl/T7-f- H^yfT5#l» (6) tSr 
ftffifeltSl^fiS (5) tt. iE^JK&^Stl 
feN<iroReil»lii|lS (9) £«ATv>S. N{S<OS 

(v, , , ) iL\z£-oT*n?nmW)2ti2>m.ffimt& 

[0 0 9 0] *%^(C«tSPLL@K(i. 10 
*j{f*t (F, . , ) t, fftSfl*} (F, „ ) <h<DftfflR 
tfHtt**JfcttU tt«(OiemiC*-p'^T$llfflimE (V 
, „ , ) «£a?«IN«lttEE£j£«l (1. 2, 3) fc, 
Bf«0«£EltO««EE (V. „ , ) &&&?&*7-t-y 
MhIK (4) <»:. *y±yb®& (4) *^©««EE 

(V. . , ) 3f<IWmEE£fiJc8§ (1. 

2, 3) ^eoiiiE <v c „ , ) \zmcrznmt& 

(Fv c o ) s£js«-a«ffiW»3BiiB cs) 
<t> nmuwf&m& (5) ^ewai^fi^ (f v c o ) 20 

*«-HLTWtP*£E*l«» (1. 2, 3) KMtilfl?* 

(F, „ ) iLT7^-Hrt7*ti»H« (6) <fc£ 
■«WS. ttEEMttSJBtt (5) tt. 5g«ff (V 

?st. mawe (v, „ , ) \zttmLxi£3i2>m$i , & 

n*. Jfi&gcte, 5£®JE (V. „ , ) £MWnJ£ (V 

mi. «EEi&ifi%«*8 (5) en sr. ttfiEMttRSSi 

(55) . mJEfrJWfSJgig (7 5) Tfe^SSmfBT* 30 
-5. 
[0 0 9 1] 

[0 0 9 2] <M1&<D1&1& 1 ) Hilt **SS©Jgffi 1 

icffisttEMffRss (vco) <DMf$.&*-r\Bi&wv 
[0093] m i \z^kznz>£o\z. &m<Di&mi\z& 

£«JE3HjPfgJg§§ (VCO) 5tt> /H77yx*l/- 
^ (BG) 8, U>y*3/U— * (RO) 9, 40 
>n—9 (L-C) 7^|ATt^o 
[0 0 9 4] ;H7Xyz*U-^ (BG) 8RtfU> 
* (RO) 9JCtt, H>l«**6Br5£Ottffiffi(0 

ft, M7Xyx*l/-^ (BG) 8fttfU>yt->l/ 
(RO) 9^»4^«3&^6«jB«EE*«««/A**JH 
£«, /H7Xyx^l/-? (BG) 8©ttiAll U >^ 
*->l/— * (RO) 9fc#U8/Aa<£n*. 

[0 0 9 5] U>^^'>U-^ (RO) 9tt % N<@<D£ 
(6SI»ii«S*«AT^*. ^^T, Nte2«_hCOg& 50 
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5. /H7Xyx^l/-^ (BG) 8 tt, ^Wd^OS 

®eev c n , (Dmiz&ctcnm i . . i 
sffv c „ , cofflicj^ufcmsft i c n , t^mwLfzm 
m\z&-DT0>tf*zsi<—9 (ro) 9<Dm^m^m 
<rrs. ttflt&t*. v>v**sv—9 (ro> 9cox< 

yfiLT«< H7>yX^^ON/OFFLT^*i: 

[0 0 9 6] U>y*>U— * (RO) 9tt, £ 

SEE V c „ , fcJ:oT*7t5i hffli£»£#A. SEE V 

c „ » t;fc«» i c „ . iffVc n , cofit 

iwjeufcmsft i c n , tzmni'fzmffiiz&'DTm&fe 
u>y*->u— ^ (ro) 9«, swesn&nfra 

V 0 u t 2 ©-^SrfBlHiSiB^OUT 1 S:^lTl/^ 

out, Rtf«/h«EEv 0 u t 2 ^fm^^m2 m^jg^ 1 

OUT2^lTU^WW (L-C) 

[0 0 9 7] U^;UZ3>/\*-^ (L-C) 7tt, B/Mt 
JEVo u t 2 chS^cmJEVo u t . i:cor«lO|gi|ig$rCM 

osk^ o (v) -iEiJiict^i^i: 

^>o u^;ua>/\*-^ (l-c) 7T*j«snfcta*fi 

^F v c o tt. SJE^J^lg^ (VCO) 5£>Hj*ff^ 
[0 0 9 8] mJES!lffll^lg8§ (VCO) 5 \Z£ 

[0 0 9 9] 04JZ^$nS<fc'5fw, fflflf, nEEMWR 
SIS (VCO) Tt««ft4lll*»^Fv c o tmtEV 

ffli^jss (vco) sic^am^sjEv. „ , *A^r 
**<a*t, ta^m^Fv c o o««»**3wo (h 

z) <fc0*t<^ l t7^Wtt^l/Tt^, «EE« 
fflJ^ISS (VCO) XI/y>3*FtEV 
. , («*tf, 0. 5 (V) ) frettEMMMM (V 
CO) 5*ftff*it4n«*^0«««EEVo o (^JA 
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2. 5 (v) ) £To«eB<osffiv c n , \zttmi, 
v c o * ^st^r^o z<Dh%, m^m^Fv c o \z*i 
b i £-r£ (v, , <v b , <v D D > o 

®EE$WfSiSi§ (VCO) 5te, U^tf-^U 
(RO) 9rt<5ESJEV c n , tf^S&SrjjnfiELT* 

(Hz) cfc9*t*<, BfaoHtt*F„ , ckO/jN 

[0 10 2] #1::, miEbfcN*<2eJl±Offl»c04:*»C 

^IMlO^ffil ^ffi^«E«Wf%a« (VCO) 
5^H7Xyx$l/-^ (BG) 8^U>^yl/ 
(RO) 90«fiE*CO^THlt#«U3tt*«6»« 

[0 10 3] 03 1 d^n-SJ^K, /WJXvx^l/ 
— * (BG) 8tt, Pft^MOSh7>yX^l 
1, Nfv^;i/MOSh7>yX^12, 13^flT 
EiT, Pft^MOSh7>yX^^PMOS 
H7>yX^^:»l, Nft^MOSh7>yX^* 
NMOSh7>yX^i:^to PMOSh7>yX^l 

i ©y-7«ii:n Kfi[flg«fiEAA^ffi$n, mm 

EEV D d *^A/«iteSn5, PMOSh7>yX^l 
l©HK>tSlt NMOSh7>yX^12, 13 
©HH>iffil:8iffi$nT^S. NMOSh7/yX 
*1 ZOy-htilClt n«B*65E«EEV« „ , #A 
A/i$S$n5, NM0Sh7/yX^12OV 
-XWSte, (Sffi««Sl»C»«*nT45 0, ilS. Sift 
£*lT^5o NMOS h7>yX^l 3(0y-htll: 
tt, *«*>SmEEV c „ , ^A^/«*S$tl^>o Sfc, 
NMOSh7>yX^13(DV-XtiH (Sttfflijmfi 

\zf£tft2riT$>Q. mut* »»snt^*. 

[0 10 4] ^K, U V^^U—* (RO) 9<0«&j£ 
[0 10 5] SlC^^n^J:^!:, 'J>^y|/-5' 

(ro) 9«, N^4ot^, mi5Lm&W)mm®9 

a, !g2K&l£®jifi|6i§9 b, ^ 3 RffeMifrif 4i§§ 9 

Sfcit*IS§9 a-^4SfcMEfjiiffiS9 d(D&^«, MSj 
«tLTPMOSh7>^?2L 2 2, 2 3, 2 
4, NMOSh7>yX^2 5, 2 6£WU SiSC 

»«*nfcm«»fcLTjemffiv« n , \z^xmm^ 
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tl^NMOSh7>yX?2 7, mffV c n t C^oT 
B»j£*l£NMOS h7>yX^28 SWlTt^, 
[0 10 6] miR^H»it*i§g9 a^4Sgifii@ 

[0107] PMOSh7>yX^2 1, 22, 23, 

2 4©y-7tSi:B. «tt««E»*<»«ift. Si® 

SEEV D 0 ri<A*/«*&£n* 0 PMOSh7>yX^ 
22, 2 3®y-hfgH PMOSh7>yX^l 1 

10 T, /HJXyx^l/-^ (BG) 8OPM0Sh7> 
1 1 LT, PMOSh7>yX^22, 2 3 
tt««i5 7-0»£fcoTtf>*. NMOSh7>y^^ 

2 7<o>f-hnmiz\** sterna v« . . #a*j 

/#WS$*l*. NMOSh7>y^?2 7(0V- 

*lT^£o NMOS K7>yX^2 80y-htfil: 

NMOS h7/yX^ 2 80V-^tSll <£ffifl!Jm« 
l:»«*ftT60. MS. «*SftT^*. NMOS h 
20 7>yX^2 8<0HH>tS(l NMOSh7>yX 
^2 7(DHH>tB, NMOSh7>yX^2 5, 2 
6<BV — XttSldtelft^ftT^*. NMOSh7>yX 
*2 5©l«H>«aH PMOSh7>yX^2 1, 
2 2<E> KU-T PMOSh7>yX^2 1oy- 

Ftil:ftKSnt^5. NMOS h7>yX^2 6(0 
KUOSffite, PMOSh7>yX^2 3, 2 4 <D K 
K>mffi, PMOSh7>yX^2 4^y-htffil: 

[0 10 8] S2SfelSft«BB9b(DNMOS h^> 
30 ^2 5©y-h«an fglR&l£»jtt*Ig§9 a<E> 

NMOS h^>> ? X^2 5(7>KUO«ttJC»3H!*nT 
^5, JB2SCHttifBS9 b<DNMOS h5>>?X^ 
2'6(Oy-hSSH f& 1 S^^Kigtlgg 9 acONMO 
S h7>yX^2 >tH:»ttSftt^S. 
[0 1 0 9] 3l3£!ifcM»iii|i§§9 c CDNMOS 

yx^2 5wy-hii^ &2&.&mmmm%S9 \><d 

NMOS h7>yX^ 2 50KK>«il:»K*nt 
H*. £!3K£gKjJfi|68g9 cONMOS h^>^X* 
2 6<&y-h«ffitt. ^2SfcM»ji©itg8g9 bONMO 
40 S h7>yX?2 >«Il:8«Sntt^. 
[0 110] m4SS^K«'tig§9 d^)NMOSh7> 
yX*2 5 0y-MSH, m3JSG^Sjti"tig§9 c 
NMOS h7>yX^ 2 5(OKM>«Si:»«*ftT 
S4KKS»«iBg9 dONMOS h7>vX^ 
2 6(Dy-hS(S«, S3S^»jii4@gg9 c<0NMO 
S h^>->*X^ 2 6<0Klx-f>mffilC^$nx^S. 
[0111)81 £<E^lfrii*I8§9 a<ONMOSh7> 
yX^2 5(Dy-Hitl 3l4&&gKjitiH2§9 d(D 
NMOS h7/yX^2 6(OHK>Ml:»«Snt 
50 <^<5. SH 1 Efc^lfrif 9 atf)NMOS h7>yX^ 



( 15 

27 

SB4KteH»itffig9d(3NMOS H5>yX^ 
2 5(^)KK>iIH glffi^OUTl^LT 
U"^JU3>/\*-* (L-C) 7Kg^£nT^£o !f§4 
S(BI6»it«S9 dONMOS h^>:xX*2 6 <D K U 

S2ffl*afOUT2^lTl/^3> 

(L-C) 7lC»ttS*XT^* 0 
CO 1 1 2] VK\Z, ffiXU£ttEffilttXS» (VCO) 
50/^7X^1*1/-^ (BG) 8RtfU>^t'>U !0 
(RO) 9(D»f^*Ct>^Tia 1 *#BBUfc**e>K91 

T^>o «Effi{W%figg (vco) 5KA*7£n 

[0 113] /H7Xyx*l/-^ (BG) 8 £> 

HIK»fP K O ^ Tift £ o 
[0 114] HI \Zff;£nz>£o\Z. NMOSh7>y 

nz>fc&. TXtCi^i;feHK>«8ftI D 1 2 

^gft-To msEVc „ , ten Bui/^wwjxsn 20 

^\ ^(DU^l^O (V) i:"r^<h, NMOSh 
7>y7^13BOFFUMfti!) (?l/y>a*H 
«JE»CjtbT^&^fc«>) . f©HK>t»ID13 
teO (A) Tfe^o U:*bT, PMOSh7>yX^ 

1 1 CO H W >SSK I D 1 1 H K U-f >«Sft I D 1 2 
t F K >•* I D 1 3 t ©fPt*S^ FU"f>««t 
ID13^0 (A) SOT, HK >t«ID12»fc' 

PMOSh5>^^Bfoy-htHl/ 

.-f >36«W i; y - KT»5fc», ffilti««l;:»?K 

>t« I D l l SSltiii:, hou^Wift 30 

££ 0 COKMU>^tyl/-^ (RO) 10 91: 
*5tt£SSI 1 Sft^ftif 4Sg§ 10 9a, Sg 2 KCHSjiS'lS 

«i o 9 b, m3K&mmmm$si 09c, niRi&m 

mmm^ 1 0 9 dtf)&*OPMOS h^>:xX^ 2 2, 

2 3®y-h(0^;H:&oT^5, PMOSh7>y 
x*l ll:*fLT, JB 1 SfeMSjiiifigg 1 0 9 a, ft 2 

ste^KJgiisii 109b, ?g 3 K^mmm^ 1 o 9 

c, K4££iiig(f81 0 9 d©#*©PMOS h7 
>vX^2 2, 2 3(2«8ES 5-lsFBS«lflELT^*fc 

PMOSh7» # X^l 1 (PMOSh7 40 

>>^X^1 lOlS^t, y-h*. 

*$tf) PMOSh7>yX^2 2, 23£<D 
1MX (SPMOSh7>yX^OL^Ul, y-h 

ifi* PMOSh7>yX^2 2, 2 3<BFU-f 
ft*. dCDPMOS h7>yX^ 1 1H 5£@JEV 

c ■ . offljwj^i;fc««t 1 e » . *eev c n t on 

\ZfcCfzmffilc „ t ££JoWLfc«8iEl;:J:0, u>^ 
tvl/-^ (RO) 9 0lM«*ifit^ e 
[0 115] $WU^;KZ)®EEV C „ , &±&0 , ^CO 50 
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l/WNMOS H5>yX^ 1 3<£>HMJU± (NMO 
Sh7>y*X^l 3^0NT5l/^) \ZU2>t. NM 
OS h7>yX^ 1 30HH>«»I D 1 3**88*1 
«flEV c „ , tf±A«ntf±tf5S(!:NMOSh7> 
1 30HH >«flt I D 1 3 fc£<«tn*fc«>. 
SSmWKPMOS h5>vX* 1 lOFH >«flg I D 

1 1 t£oT, ttffi* 5-[s]&£*fi!cL>TC> 
^PMOSh7>yX^ 2 2, 2 3<OHK>t«fc* 

[0 116] *)>tf*i'\s—9 (RO) 9CD0SS 

ftf^lCO^TlttW-rS. CCT, m 1 Se^»ifffi8§9 
a-fg4£feM»jii*I§§9 dCD&*<O0&Sjfmp]fi£T 

[0 1 17] $tffiV c B , l:I*U^WH7XS 
tlT^O, SJEV C „ t ^OU^ttStNMOSh 
7>y7^2 7I:HK>1» I D2 7 rtWL NMO 
S h7>yX^2 8iW7LTl^fc*KH >fll 
D2 8tt*n&H. NMO S F 5 >*J7s9 2 5 , 2 60 
V-Xiffi^NMOS h7>isX9 2 7 , 2 80KH 

>mm \z&m&ff% £ ntz ^^^cn NMosh7>y 

X^2 7COHK>«86 I D2 7**8Ensct^SS. 
[0 118] X-f ^^^UTKjf^-T^MKjIilKONMO 
Sh7>yX^ 2 5, 2 6 11 ±E©NMOSh7>y 
X^2 7©HK>t« I D2 7Tim. NMOS 
h7>yX^2 5, 2 6tt^A*Sn5i^ «4S 

te*»it(B«9 d**6o>ma) icisi;fcHu-r >m«t 1 

D25, ID26«l, lfi)MT^§PMOSh7 
>vX^2 1, 2 4 l:tt»t 5, NMOSh7>yX^ 

2 5^0N, NMOSh7>yX^2 6^0FFlfe« 

NMOS h9>y^^ 2 5 KttttHtfttffii'L PMO 
Sh7>y7^2 1C^iWItl^o C<D±&* PM 
OSh7>yX?2 10HK>-V-X1EVDS 2 
l#<0«JEI*T**fiCO, NMOS h 7>yX^ 2 5<D 
mil (ff 2SCSittiB9 bONMOS h?>yx# 
2 5^0AA) ttL0WU^H:^4 0 NMOSh7> 
y7^2 6«OFFtTl^OT, NMOSh7>yX 
*2 6<£ffi*J (m2JSeM»ifit@^9 bONMOS F^ 
>^X^ 2 6^<£>A;ft) BHIGHKJU:/^, Ctl 
KcfcO, U>^yl/-^ (RO) 9H 5£®J£V 

e n , ©tecjfcUfcWK i c n . m^v c n , (Dm 
\zfovtzmmic „ , tsuD»Lfc«8tto«[t*i;&58 

[0 119] eiffij^W^PMOS h7>yX^iLTi 
PJi:Sj«SntPMOSh7>yX* 2 2, 2 3H 
<7Xyx^l/-^ (BG) 8<h^7-M^lT*5 
0, ^coa^-mSit^Sit'rCchllctO, NMOSh7> 
y7^2 5, 2 6^0N/OFFLT^5(i:t, S9< 
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[0 12 0] mffiV e n , <DWOMfi±&0* NMOS 
(D^U^C >mmi D2 8&ffitl2><i:o\zUZ>t. miK 

u&mmm&9 a<aiiig&s»w<Ji**. ts^An 

(!H2KeMIftti4IS§9 bONMOS h7>yX^2 5 
«NMOS h7>yX^ 2 6 & E<T>>?— HSg^iEHS 

IElllbil«B9 a^WrWKf^o 10 
[0 12 1] ^fr, U>^->^ (RO) 9<DfgJg 

[0 12 2] m 1 SIEHnttiHK 9 aONMOS 
yX^2 5WN, NMOSh7>yX^2 6OTFF 

7>^^2 5iROWKJk NMOSh7>yX 
^ 2 6fiJ**H I GHl/^t&S. 

[0 12 3] miSte^ffijlf"IS§§9 afr£><Dthtl\Z& 
0, i 2 SKSIiifltlS 9 bONMOS H5>^^ 2 
5l:ttLOWl/^A*Sn, NMOSh7>yX^ 20 
2 6C^HIGHl/^A^$n^o ^tlC^O, N 
MOSh7>yX^2 5^0FFL, NMOS h?>zS 
X^2 6^0NLT, NMOSh7>yX^2 5(Dffi* 

(31 3 Rif£M®J*§i|IS§ 9 c(DNMOSh7>yX^2 5 
^OA*) HHIGH^Jk NMOSh7>yX^2 
6<DttiJj 3 Ste^»iii|iS 9 cCONMOS H5>y 
X^2 6^AW «LOWl/^JK:ft§ fl 

[0 12 4] ^2^K^ffijtiilli§9 b^eoHl*fC«fc 
0, ^ 3 SeHttlfilSS 9 cCONMOS H5>5?;**2 
5C«HIGHl/^;WA*$tl, NMOSh7>y7 30 

^2 6i:HLOwi/WA*sns. ctiKcto, n 

MOSh7>yX^2S^ONl, NMOSh7>yX 
^2 6^0FFLT, NMOSh5>yX*2 5fl0ttlA 

(^4J^e^Sjigi|ig§9 dCDNMOS h7>yX^2 5 
^COAtj) liLOWU^k NMOSh7>yX^2 6 
Ofti^ (tR 4 KCSHilfilg 9 d ©NMO S h 5 >yx 
? 2 6^<DAj]) teH I GHl/^JK:&5 0 

[0 12 5] UI3K&!gKjtii|g§§9 c^6<Dffl*»zJ: 
0, ^ 4 K$K%tW)tfi$&%& 9 dCDNMOS h ^ >z/7*& 2 
5C«LOW|/WA^$n, NMOSh7>yX^ 40 
2 6l:fiHIGHl/WA*$n^o cnilctO, N 
MOSh7>yX^2 5^0FFL, NMOSh7>y 
X^2 6^0NLT, NMOS h 7>yX^ 2 5 COffiTt? 

(S! 1 £&i£Kjti<l@§§9 a^NMOS h7>yX^2 6 
^<DAtl) teHIGHl^Jk NMOSh7>yX^2 
6<^|±J^ (S 1 SGillifig 9 a © N M O S h 7 > y 
X^2 5^AA) «LOWKJH:f«t§. 

[0126] n4&mmmmm$§9 (1*^ohiai:j: 

0, 3! 1 K3teH©>*fi!iS9 aCONMOS h^>v ? X^ 2 
5l:«LOWl/^WA^$n, NMOSh7>yX^ 50 
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2 6 (CtiH I GHU^JUa*A;fr£tt<5 0 C.niCi:0, N 
MOSh7>yX^2 5^0FFl, NMOSh7>y 
X^2 6^0NLT, NMOS F7>yX^ 2 S<Dtht) 

(m 2 KIEMSfriiffiSg 9 bONMOSh7>yX^2 5 
^A^I) «HIGHk^k NMOSh7>yX^2 
6COtti^ (ff 2 KGSMilHB 9 b ONMO S h 5 
X^2 6^v(OA^) teLOWU^;HZ&£>. 

[0 12 7] gfij, SB 1 K<E^©jii*I83 9 aCDNMOS 
h7>yX^2 5OTN, NMOSh7>yX^2 6^ 
OFFTSotW U>y«r— « (SB 1 EGM8>i@*I 
S§9 a-m4SGMS)if«tSS§9 d) "T*^ SlS^ 
»iifig9 aONMOS h7>yX^ 2 5^0F F, N 
MOSh7>yX^2 6^0NLTl^c IP 5. 

»!Sffig9 aCSeiTS^n^, C<0»fls*«l*<<B 

m&9 d<D&*<Dmmi%mt>m<&2>rz#>* &&&&& 

[0 12 8] &fz. ffii£LfcNa<3£t±O«»<0«d* 

N^3tg, H2 Jcs^nScfc'Sfc, SB3E&ii©jti4i 

g9 c^NMOS h7/y'X^2 5 W K K >ttffite* 
S 1 R&mmmm§$9 aWNMOS h7>yA^2 5(D 

y-Hms<h, aiuAM^ouTis^i/ti/^ 

>A-$> (L-C) 7ti:ttttStlT^5. NM 
0Sh7>yX^2 6OKH>8SH S 1 SE^Il 
ififfig9 aONMOS h3>*J7.9 2 6 0y-hlffi 

(L-C) 7tl:»«SftT^S. BP "6. &**g:<£>SB3 

339 aURSn*. 

[0129] mEEmm^m^ (vco 5«, maufc 

aCXMttftF. , \z*y-ty h*»fc*Tlr>*fc 

[0130] ::t-, ^js^sbi iz&zmjEmmzzm 

gg (VCO) 5©H**»ttCO^TH5 6#RIL,a:*< 

■&Kgrr*. ass. *nm<DMmi\z&2>nEEmw¥& 
m& (vco) ^ss^^tHT^^. 

[0 13 1] 05l:SSn§J:7l:, ft^Y ltttyp 
- c a s e©t*OHfta»ttSSLT^5. C<Dtii* 
<0&j£5£Mm$L&F> , te*$5 0 0 (MHz) T£>*o 
S&, Ki6±<D«6oSl;:J:0, flffYT <B«fc-5&f 
as t - c a s ecD<h#oaffi»«ftt^??^Y 1 * ' <D 
cfc^&s I ow- c a s e<0£#O«ifcS#tea*#l£T 

-So 

[0132] UtYT *<«r««»«ftt (fast- 
case) e^^tsa^&F. 2 te#j6 o o (m 
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Hz) -?<&•£>. mJEV. „ , ^S<&-3tUS. (ttl 
•5>fc«>ro«ffi*v«, , , V. , <V„ , <V D d . 5&M 

J^fc&Fb . $ 1 0 0 0 (MHz) tLX) V„ , <T>V 
^UUZfc-Sxh. $mY 1 tfjUT /Hi£&1ftt (typ-c 
a s e) T14&1 0 0 0 (MHz) fc&O. fr^tY 1 ' 
a<^-rra&&!|#tt (fast-case)Ttttyp- 
casei040%Hi'SU1 400 (MHz) K&o 
Tt^5. ^YT ' a»5RTHtttt1*tt (s 1 ow-c 
ase) Ttt. S^Jg^SftF. , «*<J 4 0 0 (MH 
z) Tifc-S. mffiVc „ , a»*S<£-3T^S, V, , 
(Dls^MzUZt. $mY 1 TSt^-T^iSR^tt (typ 
-case) 0 0 0 (MHz) (Z7it 0 . fS^Y 

1 ' ' #7*? (s 1 ow- c a s e) T14 t 
yp-casei030%Si:'i^6 0 0 (MHz) K 

[0 13 3] Z\<D£5\Z. ni£V c „ , <&^T 

u<£. se*<DmjE«ij»^ii^ (vco) io sro^is 

«6-3*««±IH« (ftMtY 10 1' atjjVTHiSlfctttt) 

T'5 5%. TfEffl'J (ft^Y 1 0 1 ' 1 *«w-r«**tt 
tt) t4 0 %^<hA#<fc-5<Z>l;:*fLT. SJ£3§«3£tI 

§§ (VCO) 5©HiMMH4Trtt. -t©tfSO#*«±IH 

fflij (U^Y 1 ' *«*-r»*«c4*tt) T'4 0%. TKffiiJ 

(t^Y 1 ' ' *»w"r»*»»tt) T3 0%(C3feS^n 

SffSifflfgJgii (VCO) 5 14. &»«/MBK: 

ZLttfT'&Z. mEE$W§gt@§§ (VCO) 5 14, 

SJE3i«fgigS§ (VCO) 5©^>^S<tM>S 
AV«CU<75T->*-y^^®«^n^„ «EE«lff8S8g 
(VCO) 514. ^JAtf0 5-C^$nfc^-^Y 1 ' ' 

*-r^KSc^ttic*3^T^ffiv c „ , £«s»«aEv D d 

©fiI2:T-±l:fT&<Tt>. ^<SESffiix^n^^^&«a 
F i CW^&SIEfHF, 14, i^YT 

«F**Y1* • raifc^ttic^-cmjEv, „ , 
lot, mjEfWfflfgUgg (vco) 5 14. 

[0 13 4] ^IC. PLL (Phase-Locked 

loop) £0tj.tLT. ^m<ommi \z&z>mmmm 

(VCO) 5Srffl(,ifcPLLlHl8Sro^BKttOliT 
0 3 £#HgLfc#e>lft9!-r5. i3ll 1 
fC^^^ffi©I»551S8g (VCO) ^fflUfcPL LtUSSro 

18 fig £ * -r y a y t> m T & £ . 

[0 13 5] 0 3lC^$n^>«fc5tC. PLLIs]8814. & 
tara&SScJt&g! (PFD) 1. ft-y*>y2. )V- 
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77^ ^ 3. * 7 -fe >y h 08 (OF ST) 4. «BE«H 
SPfSlISg (VCO) 5Rt5^^l§6 ««*Tt»*. 

[0 13 6] (4ffl^KScifc«S§ (PFD) 11J. A2><f 
^F, « , t^S6^e»W«§Sm^F, „ iOttfflR 

(±#^Sft^) UPR^i^ (T&Jt^fUt) D 
OWNSr^fiTt-S. ATJfE^F, . , t. LT14, WAtf 

ftffira&&tt&i§ (pfd) i -csn&znzmftmmj 

10 P14, A73<f^F, . , tZ^-r-SJSiKf^F, b 

fz. M^fi^-DowNij. A^m^F, c . \ztt-rzm 

&ffiJi3i£&H:&l§ (PFD) i-r^e£$ 

nfcii^fg^U P &tfi£#{§*»D OWN 14^ r - v# > 
72 -5. 

[0137] ^-^#>y2i4^>7;uffi73©-?r- 

.5>#>^-C*0. ii$HHfUPRtfM#fI*tDOWNCD 

$/t;i/7.ifitcf&i;fcmtft/t;pxS'^fi£LT;i/-y7 -< )i 

^(css^nrc«^5:S!tmL. ±misrzmffi'vi>x\zi& 

Ufc«EEV c „ , $r^^T^o Z.<D)V—f7 4 )V9 3T 
56*Snfc«£EV« „ , timJE©Jffll^t!S§§ (VCO) 5 

[0 13 8] /"WTXIsISSTiJjS^-fc-y htsIK (OF 
ST) 4J4. S*IV, „ , $4fi£LTmBE©Iffll%Jg3§ 
(VCO) 5©/H77->i*l/-? (BG) 8. U > 
30 y^-->l^-^ (RO) 9(C^gT-5. «£EiMflf9Sfi» 
(VCO) 505/^ 7X-/i^l/- ^ (BG) 8. 'J > 
y^-->U-^ (RO) 9IC«, *7-fe>yhIsI8S (OFS 
T) 4A^e^mJEEV c „ , ;P-^7^M 
3A^mJEV c „ , A^^^n*. «JISi]W^fil8g (V 
CO) 5«. ^"7-t-> hlHlSS (OF ST) 4^e.««g$ 

n-5i£mBEv c „ , <Dmzfettzm.m i . „ , <t. 
^7^M3^ei*s^ti5fEv t „ , omizi&ciz 

T^SR-r^m^ft^Fv c o $:*fiK-rs. c<d^^^& 
jev c „ , omfzmu-rzmffi i < „ . tsrin»L^s«t 

iCioTitttfc**. mJEffltW^iil§ (VCO) 514, 
□ •yf«Sg-C«A^m^F r e , W^iSfiWMfg (M« 

[0 13 9] «E«|»9efiS (VCO) 5T4ffiSnt 

tiiti(mF v c o 14. usoizzyn-? (L-C) 

e P L L@8Sc7)Ul^{f LT*1.S6lC2im$n-5<htt 

iz. »^^6ir««g$n*. #rat§6i4. u^m^F 

v c o £ l/NICttraU <4ta^^SH:t5Egg (PFD) 

so i icsufc-r-s. 
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[0 14 0] $:\z. nfacDMmi tc&£«jESflt®5£g§§ 

(VCO) 5&m^rzPLL[Elf&(Dmtt$:m.W-?2>o 

[0141] ^, »ss6^e>ffi*§ra»»it«s (pf 

ffiH3&8ltt$g (PFD) ltt. J13&&<£T#£&ffii§ 

^ntw<to, ;i^-^7 io 

*ejmmb«i (vco) 5a>6m*sn*aia« 

[0 14 2] — 0§fi{I*§F, b <Offlffi^A*«^F 

(pfd) ltt, »*»±##ttt«a!**c«a-r*/t 

;i/X«**T*«#fi^DOWN££fiKU ^-S^aR 

*ab*wv> ctuccko. )if—-?7 * 

tEMtFKSIB (VCO) 53^6tUAdn«tHAA 

^F v c o ©*s«««c*«Ti»-rai:*K:. tu^m-^F 
v c o offiia^anTA*ff^F r e , ott«»cifi^ 

[0143] zcd£?\z, mv&(Df&mi\z9h^nEEmm 

5Zmm (VCO) 5*ffl^fcPLLEl&"T?tt, W^ft# 
F v c o Offi*Ha«««[»i:A*(i^F r e i <£>{£ffi& 30 

um$L&it&mztt&tEft. a*«#f, e , ictt-r* 
taa«*t f v c o ©tt«atixtttt«ji*«tfiFft-rntf 

6, ffifflHttftittt& (PFD) 114, RL— OJH^AW 
7it*t**»OTUPW»»WDOWNtt* 

<OPLL@*8*4n^ttSgK:A*o ccon *y ^tfcfgl::** 
^T, W^fi^-Fv c o C0&ffi*4A*f§*fF r e r 40 

§g (VCO) 5*ffl^fcPLLII]gSTtt. ;P-^7-f* 

^3*^a*snfc«£Ev c n t cy<x^t$n 

v hm&&&bfc1£Xte{,^<D\Zlt^Tffim<D5&Mm& 
[0 14 4] £K±<D®IW\ZJ: 0, *ifi(&»8Bl 50 
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E&li^Ig (VCO) 5lCJ:ni4. ^fi»/MB^«« 
$7-0BSfflUTl>5fc«6, ^**;i>«B»*<B8J 

[0 14 5] HfliOVtt HCffiattEMWSBfiS 

(VCO) 5Kl£*U4, «£fflffl)%&Sg (VCO) 5<D 

[0 14 6] Sfc, £tfi<0»fl 1 lC^*«ffiffi<lffl)§SiiS§ 

(vco) 5ic«tntf. Rmm&L&tD&sh&^&'tz 

[0 14 7] <^S£<Z)J£Si2) &KO»8E2l::tt 
*«mMWfBfi» (VCO) i:o^T06^#ilTSJ 

[0 14 8] 0 6 ll^^n^^otC, g£%4)JBffi2 K« 
amffiSJW^igS (VCO) 5 5*4, ;W77j?i*I/ 
— 9 (BG) 58, U>y*^U— * (RO) 9, 
*3>;t-J (L-C) 7«^T0^ o BP*>, ^lfiS<0 
9li2lZfl(«*fiEMVPKSII (VCO) 5 5H 
Xyx^l/-^ (BG) 8fCf^AT, /H77vx^l/ 

(bg) 5 8*l^Ti^ e ^lfico^Si2 

rcfl(««BE(H«9B&8 (VCO) 5 5TH USSO^Sg 

fc, 9E)KO»ffi2lC«d«EfH«lffSfi» (VCO) 5 5 
©»fm. XIKOSttl lcfl(«flEMW9Bfia (VC 

o) 5 tmm-e&zfz&wiwzgm-rzo 
[0149] mmnmrni iw«a«mw»««« <vc 

O) 5tt* /W77yi^l/-^ (BG) 8^£*EEV 

*S/U-5r (RO) 9 0ftfP«8K**«LTt»**^ ^ 

ttO«K2IIfl(««EIHtW9BfiS (VCO) 5 5T14, 
/H77^x*U-* (BG) 5 8#f£ttfiEV c „ , (O 

(ro) 9©»ffm«*iifli-raii4:39<"T?*a. :nc 

cfcO, *DBO»S8 2fC«S«ffi©JW5Sfig (VCO) 5 
5*4, %m<D^m 1 <&J»*l::ini*.T\ H«fi©JBJBl^« 
5«ffifHWf8fi« (VCO) 5»C*fLT h7>vX^O 
»**d>&< SSig±CDtf ^>0^<D^»^{g;M"r 

[0 15 0] £<7)*g£, /H7Xyx*l/-^ (BG) 
58^4, PMOS h5>yX* 1 1 . NMOSh7>y 
X^120WtlTl^. BP "6, /H77vx*U- 
^ (BG) 5 8 11 *Jfi<OJg»nw43W*A-f7X^x 
^U-^ (BG) 8^)NMOSh7>yX^13^l 

««S9 dOU*»4, aft0MlE6£lbJMIB9 aK 
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tlSo 

[0 1 5 1} ttEfflWXSS (VCO) SS\ZAJ3tsn 
S5£fiUEV c „ , \$. /HJXyx^l/-^ (BG) 5 
8ifiV>{f*zsl'—* (RO) 9<B»fls««tt£liflrrs 

ti*£±tfs*:*M;:, nmvj&mi-vmwznrzm&m 

fflftMIS (VCO) 5fcA**tl*)6«ffiV e n , felt 
[0 15 2] Site* BI8 \Z7jk2tl2>&5lZ* m 3 10 

(vco) sicfWLT, mm<Dmm2\z&z>m&fflm5z 
ns§ (vco) 5 5*»usci#-c«*. ccx, m 

tta&tt2(Cffi£ttEMWRS« (VCO) 5 5«fflt) 

KMn&M® (VCO) 5 Stffl^&PLLHKOBfP 
it. mm<DM&l\Z&2>nEEfflfflf£M2& (VCO) 5£ 
ffl Hfc P L L BK £ |i]*£X<& S • 

[o i 5 3] si±<Dmmz&Q* 2 \z%z>n 20 

frMfflftM^ (VCO) 5 5ICckn«, £SS4>»ttl<Z> 
5h2k\zm?L. Htt(D»lBlfzffi««£EM»9Bfi« (VC 
O) 5^^bTh5>> ? X^coSc^>^<^^)^:^, » 

[0 15 4] (ftffi<a«tt3) #fC, mfc<DMm3\Z& 

*nm#m9&m» (vco) «H9*#iLTR«t 

So 

[0 15 5] ^9 \Z^Zn&<k?\Z, mfo<DMm3\Z& 
S«JEM»58Jg» (VCO) 7 5H 'J>^vl/-^ 
(RO) 7 9, |/^3>A- * (L-C) 7£ffi*_X 30 

co) 75m nm<DMmi tmmum^m\z^ 

MffXSB (VCO) 7 5©»ffll ^J6<O^S8 1 tifi* 
&ttflEffiWIR«» (VCO) 5£ra«T**fc«>l89J£ 
«BSTSo 

[0156] mmomm i tcffi^ttEMH rjb« < v c 

O) 5tt, /H7Xyx^l/-^ (BG) 8*<5£ttBEV 

c „ . ©ltH*i;fc««I« n . t, SJEV C n , <Offi 

IzfoCtzMffi I c „ , £SirallL&«WcJ;^TU>y 40 
tyl/-^ (RO) 9(0»f^««E*M«LTl^*<, % 

m<DMmz\z&z>mmmm5tmWi (vco) 75m 

/H7Xyx*l/-^ (BG) 8tt#g&<* ^JfgcO^ 
miX\t2\Z&V2>V>tf*zsU-i? (RO) 9 COfgffil 
i^W^PMOS h^^X^SJStftSR^KlLX^JS 
CDfl^Sg 1 2 Kit^lElg§#S/££fffiffiK"f S C <h#X£ 

So enacts, nm<DMi&3\z&z>mmfflW5£M® 

(VCO) 7 5H *«<D»ttlOja*tftlAT* fiSt 
^iCJP^^Ct^tf^o 50 
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[0 15 7] #{;:, U I/^sfvU-* (RO) 7 9(^ffi 
fifcKO^XgJWrtS. 
[0 1 5 8] i9 ll^^nSct^i^ 'J>i/*xU-* 
(RO) 7 9H N*MOtf, SHl£&MKjti*§3§7 
9 a, SI§2S&il8!)*i*Ig§7 9 b, !l§ 3 EffcHS)*Q«i®t§ 
7 9 c, »4EIEi&»JI<S»7 9 d*MAXt>S. SB 1 

g£ifiiii<ii^ 7 9a-S4 frmmwimm® 7 9 d cos 

. „ t (tJC^^Tiftf^L, MSj^LXffiiriSS^ 8 1, 
82, NMOSh7>yX^ 2 5, 2 6£WU HffcSB 

^»tt*nfc«sKjEtUTS«ffiv c n , \z^^>xmm 

$tl5NMOSh7>yX^2 7, HiBEV c n , \Z£-z> 
TB»Sft5NMOS h7>yX^2 8StLt^. 
« 1 E<S^»it<gS§ 7 9a^4 E<£3l©i@4i§§ 7 9 d 

I c n 1 -BEEV, n , (OffiKfS I c n , t 

[0 15 9] 81 1 £ife^K;ti4i§§ 7 9 a^4Sei«J 

[0 1 6 0] ^mm^-S 1 , 8 2C0p]i£<Oo'5C0--;5<0 

A*/M^n^ c NMOSh7>yX^2 7(0y-h 

Sffitcte, *1>aM>SjettjEEV e n , tfAJi/mf&Ztx 

So NMOSh7>yX^2 70y»XtffiH 

NMOS h^>> ? X^ 2 8 coy- HSSKtt. 
mJEV c n , ^A/««Sn-5. NMOSh7 
>yX^2 8^y-XtffiH fiffi«««lC««SnT 
430, gifi^ntl/^, NMOSh7>yX^2 

8(DHH>tlH NMOSh7>yX^27(7)KU 
Oil, NMOSh7>yX^ 2 5, 2 6<07 — Xf 
ffilcSttSnx^S. NMOSh7>yX^2 5©HU 

So NMOSh7>yX^2 6WKH>tail JStft 
[0161] ®2 fc&mmmmWi7 9b^NMOSh7 

>yx^2 5^'-higti miK^mmm^i 9 

a(ONMOSh7>yX^2 5^HK>«ffil:8ttS 
nT^So Sf§2ES£gffi)^4It§7 9 bcONMOS h^> 

yX^2 6^y-hfffiH m 1 fc&mw)mm%§7 9 a 

©NMOSh7>yX^2 6 0HH>t«l:8«*n 
T^So 

[0162] m3K&&mmm&7 9 ccdnmos 

>yx?2 5©y-HIB. JB2E(E*ft»««7 9 
b(DNMOSh7>yX^2 5 0Hl/<>tSi:M$ 
nT^So m3E3fcMSfjtt«ii§§7 9 c (ONMOS 
->*X* 2 6 coy- h^ffite, ^2 5EiS)i@(@g7 9 b 
CONMOS h^>^X*2 6C0FU-T >®ffil3Si^^n 
XV>S 0 

[0 16 3] SfS4K&gffiji@i|@§§7 9 d CONMOS 
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>v7^2 5(oy-htin m3&&mw)mm&7 9 

cCONMOS h5>i?7s*2 5©HK>tSl:»«S 
S4Ste^»lf*lS7 9 d(ONMOS h5> 
yX^2 6(Dy-hlSll Sg3K<£gftiii!@8g7 9 c 
CONMOS h7>yX?2 6 <D H U-f >«ffilC»lK* tl 

[0 16 4] ® 1 KCHIftiifflS 7 9 aONMOS hy 
>yX^2 5^-MffiH Sg4£iEilSjii*Ig§7 9 
d<£>NMOS hy>zSX? 2 6 (0 H K >«gfC»3KS 
nt^5, fg 1 &3teMffijiii|@3§ 7 9 aCONMOS 10 
^2 6©y-h«BH m45SMi!i«(iSg7 9 d 
£>NMOS h7>vX^ 2 5 O H K >«ffiJcSEJHE*tl 
Tt/^o m4Rte^Sjifi|SS7 9 dONMOS h 

7>*>7?2 5(DFK>liH SltH*fifOUT 
l^lTl/^>/\^ (L-C) 7K&j^£*lT 
»4EIEa»it«B7 9 d<ONMOS h^>^X 
*2 6®KK>tilt *2HiA«fOUT2S^l/ 
Tl/^n>A-^ (L-C) 7 KS&JttSftTV**. 

[0 16 5] COJ^C:, fi^K<Bfg4E*Ei&»ii(Bg 
9 d(OHi*}l «JS^SlSteHl(liii|iS9 a(CKI£L 20 

[0 16 6] £ft(;:«tD, 3iS6<£>^Si3 (C«S«JEffl» 

fgiss (vco) 7sn mmnrnm 1 osamciaiA 

[0 16 7] 0 1 1 K:S;£tt*J;3K:, 0 3 (~ th 

zntzPLLmmz* nm&Mmiiz&znmfflWfsm 30 
(vco 5K:tt*-T, mm<Dmm3 c:«*«eeimw 

(VCO) 7 5*fflWuitfTg-5. ddT, 
**fiO»J8 3^«««EE<WW*«8g (VCO) 7 5£ffl 

^pllbbtb. mmommi tmm&mf&mmiz 

ttEEftflffPSgSg (VCO) 7 5*fflHfcPLL0l&0>ft 

fm, mmoimm 1 ^«&«£EfH«PX»« (vco) 5 

[0168] u±<omm\zxK). nm<nmwi3\z%2>m 
EEtmx&s (vco) 7 stc^mi ^mcommicD 40 
amicso*., ^ss^^sg 1 <D$h%:\zmx.T, mm^ y- 

UP*.* d 
[0 16 9] 

[0HOffi#£cift9i] 

[01] Hilt 1 K:ffi«ttEM*f%S8 

(VCO) 0D«aSr*"riattHT»S. 

[02] 02 n *nm<Di&mi\z&2>m&fflW5£M® 50 
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(VCO) <D<fi<7)«/££^T[E]B0T&*o 

[0 3] 0 3(1 *n&<OM&llZ&2>nEEfflW&M2& 

(VCO) *fflt^fcPLLEIISO*j«**-ryay^H 

[04] 04(1 tH^m^Fv c o ch®EEV c n , COM 

[0 5] B5I1 *jHfi0)»»nr«*«JEiWW*«« 
(VCO) <O/Sffi&#tt£^T0T£>5o 

[06] B6ii *^m<D&m2 {z&z>m&fflW5zms% 

(VCO) <D^0££^T[e]S§0T<&£o 

[07] H7H *mm<Dmm2 \z%z>n&fflw&ms& 

(VCO) <Dl&(Dffif&$:fjk-?®i&®T$>2>o 

[0 8] 08(1 *^SgCD^Si2{I^^)l[JE©JfflI^^§§ 

(VCO) Srffl^fcPL LI«I!S^«lfi£S:^"ryoy ^0 

[0 9] 0 9(1 *3gifiCDJBj8 3 lceS£SJE3iWfg!g§§ 

(VCO) (D«fiKSr^-rEI8S0T*S. 

[0 10] 0 1 0(1 *H8fi©«!8 3(C«S«JE«JW5S 
£8 (VCO) coft!lO^£^T®i80T£>*o 

[01 1] 01 1(1 *3US<DJ&&3 l3fi*<5SEEfaJffl!fg 
£33 (VCO) *ffl^fcPLLB»(OttJS**T:/ay 
^0T*5 O 

[012] 012(1 ^<Dn&mm^m^ (vco) 

[013] 013(1 ffi*<OttBEffi»9BS» (VCO) 

[0 14] 014(1 ffl*f«-9Fv c o £®EEV C „ t 

[015] 015(1 fjE*<attEEfH»«£8g (VCO) 
co^SSc^tt^*T0T*^>o 

1 ftfa^&&it&§§ (PFD) 

2 ^^-v^>y 

3 ;H^7^M 

4 h0K (OF ST) 

5 m&mw&m® (vco) 

6 #^8§ 

7 u^;u^>/\*-^ (L-C) 

8 /HTXyx^i/-^ (BG) 

9 U >^^i>U-^ (ro) 

9 a miS^Kifffigg 
9 b Se2K£M»it«ffiSg 

9c m3Kmmmmm^ 

9d m4SGMK)ift|@S 

1 1 PftWMOSh7>yX^ 

12, 13 NftWMOSh7>yX^ 

2 1, 2 2, 2 3, 2 4 PftWMOSh7>y 
X* 

2 5, 2 6, 2 7, 28 Nft*WOSh5>y 
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5 5 me.fflw&m® cvco) 

5 8 A-fTX-^x^U— 9 (BG) 

7 5 m&fflW&M® (VCO) 

7 9 'J >?*>U—? (RO) 

7 9a mi Sfc^fijittlfl 

7 9b M2Sfe^il)iiil®S§ 

7 9c Jg 3 KCSIfritlfS 

7 9d S4 51E&IMM6S 

8 1.82 fita^^ 

1 0 1 ftffl/i&&it&8§ (PFD) 
102 ^A--v#>7 p 

1 0 3 ji—zfy-ou? 

104 ^-7-fe>y MeJg§ (OFST) 

i o 5 *mmwsuR& (vco) 

1 0 6 #ra3§ 

107 t^;m>A— ^ (L-C) 

108 /H77vi^l'- ^ (BG) 

109 U>^^-->U'— ^ (RO) 
10 9a W,\ 
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10 9b SH2K££S)iHi8g 
10 9c l&3 5&MKjiflig§ 
10 9d Jf5 4££M»jlHii§ 
111 PftWMOSh7/y7^ 
112. 113 NftWMOSt>7>yX^ 
1 1 4. 1 2 1. 1 2 2. 1 2 3. 1 2 4 P^Y* 
MOS h7>y'X^ 
1 2 5. 1 2 6. 1 2 9 
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